ABSTRACT Biopsy or necropsy specimens of lung from 28 patients with congenital heart disease and Down's syndrome were studied to establish the cause of the postoperative respiratory failure often seen in such cases. Changes in lungs seen after operation included interstitial emphysema and overdistension of peripheral air spaces, associated with hypoplastic alveoli and deficient elastic fibres in the alveolar wall. In specimens taken before operation alveolar hypoplasia was common but interstitial emphysema or overdistension of lower airways was found only rarely. Findings suggest that alveolar hypoplasia is characteristic of Down's syndrome and that distension of peripheral air spaces or interstitial emphysema was due to artificial inflation of the lung during surgery. The severity of the lesions correlated significantly with the duration of artificial respiration and with the severity of the respiratory failure. Hypoplastic lung tissue in patients with Down's syndrome appears to be more susceptible to mechanical stress, and this is likely to be the cause of postoperative respiratory failure.
Respiratory problems after heart surgery are often seen in cases of congenital heart disease complicating Down's syndrome. In such cases the lung appears to be susceptible to hyperinflation and interstitial emphysema during anaesthesia, and this appears to have a close bearing on the subsequent development of respiratory failure. We therefore studied the histology of the lungs in patients with Down's syndrome and congenital heart disease and compared it with that in patients suffering from congenital heart disease alone. The findings were correlated with the degree of postoperative respiratory failure.
Patients and methods
Between 1974 and 1983 lung tissue was obtained at operation or necropsy from a total of 28 patients with congenital heart disease and Down's syndrome (table 1) . Cardiac repair was performed in 24, four of whom died shortly after operation. Of the four not undergoing cardiac repair, two died before operation could be performed and the two others underwent thoracotomy for lung biopsy alone.
The age of the patients ranged from 3 months to 10 years with a mean of 2 years, 4 months. As lung tissue grows and transforms rapidly in the early postnatal period' patients aged under 2 months were excluded from the analysis.
Eleven patients had an uncomplicated ventricular septal defect, seven a ventricular septal defect complicated by a patent ductus arteriosus, eight a patent ductus arteriosus, and two an endocardial cushion defect. Control material consisted of samples of lung tissue from 24 patients with congenital heart disease but without Down's syndrome (table 2) . Specimens were obtained from 19 by biopsy during surgery and from the remaining five at necropsy after operative death. The age of these patients ranged from 3 months to 6 years, 8 months, with a mean of 1 year, 9 months. Twelve had a ventricular septal defect, eight a complete transposition of the great arteries, three patent ductus arteriosus, and one a ventricular septal defect, patent ductus arteriosus, and atrial septal defect. Twenty seven of the patients with 380 Lung biopsy specimens were generally taken after cardiac repair had been completed, but in two patients with Down's syndrome a biopsy specimen was also taken before the repair. Biopsy specimens were always taken from the anterior portion of the median lobe of the right lung when a median incision was made and from the lingula of the left lung when the approach was via the left thorax.
Both biopsy and necropsy specimens of lung were fixed in 10% formalin and embedded in paraffin. To examine the density of elastic and collagen fibres microscopic sections 3 ,um thick were stained not only with haematoxylin eosin but also with Goldner's trichrome combined with Weigert' s stain for elastic fibres.
GRADING FOR HISTOPATHOLOGICAL CHANGES
Interstitial emphysema-A four grade system was introduced to describe the severity of interstitial emphysema. Grade 1 denoted an absence of emphysematous change in the interlobular connective tissue; grade 2 mild emphysema; grade 3 moderate emphysema; and grade 4 severe emphysema, in which the connective tissue was completely destroyed ( fig 1) . All samples in which interlobular connective tissue was dissociated or disrupted by surgical procedures were excluded from the study.
Overdistension of peripheral air spaces-A four grade classification was also used for the degree of distension of the terminal air spaces. The normal state, in which no distension is seen, was designated grade 1; grade 2 denoted overinflation of alveoli; grade 3 denoted distension affecting alveolar ducts Yamaki, Horiuchi, Takahashi and sacs; and grade 4 referred to overdistension extending to respiratory brochioles (fig 2) . Patients in whom distension of alveolar ducts was due to atelectasis in surrounding areas were excluded from the study.
Alveolar hypoplasia-Alveolar hypoplasia was classified according to its severity. Grade 1 denoted that the alveolar structure was sufficiently reinforced by entrance rings containing the normal quantity of elastic fibres (fig 3(a) ). Mild deficiency of elastic fibres was classified as grade 2 and when the rings had only half the normal amount of fibres as grade 3. Grade 4 corresponded to the state in which entrance rings had only a small number of elastic fibres (fig 3(b) ).
Alveolar septitis-Ogawa et al found that in infants with a left to right cardiac shunt alveolar septa were thickened and infiltrated with lymphoid cells; they referred to this change as "septitis".2 Although its relation to other types of interstitial pneumonitis is not clear, this finding was encountered in our series, and we complied with their grading systemnamely, grade 1 for normal septa and grades 2, 3, and, 4 for mild, moderate, and severe septitis, respectively.
In each case the grade of pulmonary histopathological change was represented by summing the above grades, and this score was correlated with the severity of respiratory failure. As the evaluation of the degree to which a lung showed emphysema, overdistension, alveolar hypoplasia or septitis was non-parametric statistical analysis was done using the Mann Whitney U test. 
Results
Interstitial emphysema was found in 22 (92%) of the 24 patients with Down's syndrome after cardiac repair (fig 4(a) ). Of these 22, eight showed mild (grade 2), nine moderate (grade 3), and five severe (grade 4) emphysema. In contrast, only nine (38%) of the 24 patients without Down's syndrome showed interstitial emphysema; five had grade 2, three grade 3, and one grade 4. The total score was higher in the patients with Down's syndrome, with a significant difference by the Mann Whitney U test (p < 0.01).
Overdistension of peripheral air spaces was found in 23 (96%) of the patients with Down's syndrome (fig 4(b) 
